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Although many of the molecular mechanisms regulating chon-
drogenesis have been elucidated, little is known about the genetic
regulation of joint formation. Here, we show the development of an in
vitro model that may reproduce the cellular interactions and signaling
events occurring during joint formation. We show that high-density
micromass cultures of embryonic chick limb bud mesenchyme
express multiple genes normally expressed during joint formation,
including GDF5, Wnt-14, Notch1, Delta1, Pax-1, and CD44, indicating
that micromass cultures may serve as a suitable in vitro joint
development model. We hypothesize that the chondrogenic nodules
and associated internodular, non-chondrogenic regions that form in
micromass culture can be used to replicate the molecular events
occurring during joint segmentation. Subsequently, we used micro-
mass cultures to investigate changes in joint development-speciﬁc
gene expression under ﬂexion. Silicone-bottomed FLEXCELL culture
plates were modiﬁed to simulate uni-axial joint-like bending. Strain
testing showed that ﬂexion increases the expression of joint
development markers in micromass culture, while decreasing the
expression of chondrogenic marker genes. This illustrates that our
novel ﬂexed micromass culture system may function as a model to
recapitulate and manipulate joint development in vitro.
doi:10.1016/j.ydbio.2008.05.157
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The neural crest (nc) is a population of cells that undergoes an
epithelial-to-mesenchymal transformation (EMT) in the dorsal neural
tube epithelium to produce migratory nc cells. While much has been
learned about the nc EMT in ﬁxed tissue, the direct observation of
individual neural tube cells undergoing an EMT has the potential to
reveal important and novel insights into the mode andmechanisms of
the nc EMT. To image the nc EMT at high-resolution, we performed
time-lapse confocal microscopy on ﬂuorescently labeled dorsal neural
tube cells in avian embryo slice culture. After recording more than 75
different EMTevents, we observed that: 1) the trunk nc EMT took place
in any dorsal region of the neural tube and not solely at the dorsal-
most wedge, 2) there was signiﬁcant variation in the timing and
efﬁciency of nc cell detachment from the neural tube in relation to the
emergence of cells from the neural tube, and, 3) there was no overall
correlation between the orientation of the neural tube cell division
cleavage plane and the generation of nc cells. To learn more about the
behavior of the adherens junctions and the centrosome during the nc
EMT, we also performed time-lapse imaging of neural tube cells
labeled with either a-catenin-GFP or g-tubulin-GFP ﬂuorescent
proteins. Overall, our observations suggest that there is much more
to the nc trunk EMT than simply losing cell–cell adhesion and that
there must be additional molecular mechanisms involved that truly
“transform” epithelial neural tube cells into mesenchymal nc cells.
doi:10.1016/j.ydbio.2008.05.158
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During early development in vertebrates, somitogenesis produces
pairs of somites from the presomitic mesoderm (PSM). At the position
of a next-forming boundary in the anterior end of PSM, a morpho-
logical boundary (ﬁssure) forms, and this event is soon followed by
epithelialization of cells that are facing the ﬁssure. We previously
reported that the cells posteriorly adjacent to the prospective
boundary (posterior border cells) act on the anterior border cells,
resulting in the production of a ﬁssure (Sato et al., Development,
2002), and also that suppression of Cdc42 activity is important for the
somitic epithelialization (Nakaya et al., Dev. Cell, 2004). We here
describe inter- and intracellular signals governing the ﬁssure forma-
tion, and how these signals are linked to the epithelialization.We have
found that cMeso1, a homolog of mouse MesP2, is capable of inducing
the formation of an ectopic boundary when electroporated into
chicken PSM using tet-on method (Watanabe et al., Dev. Biol., 2007).
cMeso1 upregulates expression of EphA4, which in turn acts on the
anterior border cells that express ephrin B2. Whereas EphA4-forward
signals are dispensable, ephrin B2-reverse signals are sufﬁcient and
also essential to produce a ﬁssure. Interestingly, ephrin B2 also
suppresses the activity of Cdc42 through phosphorylation at three
sites of the intracellular region of ephrin B2. We present a model
wherein ephrin B2 plays dual roles during somitogenesis in the ﬁssure
formation and cell epithelialization by bifurcating its intracellular
signals toward these different morphogenetic events.
doi:10.1016/j.ydbio.2008.05.159
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Agrin is a heparan sulfate proteoglycan and has been studied
extensively in the late embryonic and postnatal nervous system and
muscle. Agrin seems to play a critical role in the mediation of axonal
growth and path ﬁnding. We studied the expression of agrin by RT-
PCR and immunoﬂuorescence in the chick embryo from stages X
(morula) to HH17 (29 somites). AgrinmRNAwas ﬁrst detectable at low
levels at stage HH1–HH2 (late blastula) and its expression was
developmentally regulated. Expression of agrin mRNA was high at
stage HH3 (intermediate streak), lower at stage HH4–5 (head process),
high at stage HH8–9 (5–6 somites) and lower at stage HH10 (10
somites). Agrin protein ﬂuorescence was strong in the three germ
layers at stage HH4 (deﬁnitive streak) and was strong in the
neuroepithelium at stage HH8 (4 somites). At stage HH11 (13 somites),
agrin ﬂuorescence was strong in the neural tube and somites and was
intense in the gut roof plate and in the heart primordia. By stage HH17,
agrin ﬂuorescence was strong in the neuroepithelium of neural tube
and was detected in the laminal surface of the diencephalon and
myelencephalon. Agrin expressionwas strong in the lens and retina in
the eye, was strong in the myotome but was not expressed in the
dermotome and sclerotome in the somites, was strong in myocardium
and endocardium in the heart and in the gut walls. Immunodetection
of agrin was intense in neuroepithelium and mesenchymal tissues as
they epithelialize and the expression of agrin was developmentally
regulated.
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